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Abstract 
Energy economics increasingly develop awareness of Efficiencies. From extraction through transformation, storage, 
distribution, etc. to the use of energy efficiency is topic. Some of it is addressed by going local in feedstock and 
distributed in generation, also opening new opportunities for energy use of biomass, usually limited to logistic 
constraints. 
Hydrogen recently has taken a prominent position in contributing towards flexibility of Renewable Energy generation 
and could potentially save a part of the 80% crude oil energy loss for transformation into gasoline for the 
transportation sector.  
Splitting organic waste and biomass into Hydrogen and Carbon in a bio-refinery, flexible product outputs could be 
enabled, as demonstrated at the European Centre for Renewable Energies in Guessing, Austria. By applying our 
thermo catalytic splitting of Carbon Hydrate gases at 55% of the energy needs of SMR only, no scarce water needs to 
be used nor CO2 is generated. 
Bio refineries could uplift energy efficiency of biomass use, from today’s limitation to electricity and heat to flexible 
synthetic fuels or electricity on demand, potentially providing economic back-up solutions for volatile renewable 
energy generation. A model for a 200.000 capita MSW installation will be introduced. 
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1. Waste to Economy Distributed Hydrogen Generation 
The innovation is to use a Technology, originally developed for special composite materials by 
Chemical Vapor Deposition of nano Carbon from Carbon Hydride gases, delivering Hydrogen as a by-
product.  Economic models for applying the method for organic waste utilization showed sufficient added 
values to afford utilization of decomposition-gas from organic matter without a need for ongoing 
subsidies, Feed-in Tariffs, on-site grid availability or regulatory trade mechanisms. This can avoid bio-gas 
electrification’s problem of if you can’t use it, you loose it’s economic value. By capturing the carbon in 
nano morphology from Methane, each carbon molecule captured releases 2 molecules of emission-free 
Hydrogen.  
Using the nano Carbon, which today is a quite expensive material, but as this Hydrogen production 
could still compete with SMR on an economic basis of the nano Carbon’s revenue > 1/3 of the 
Hydrogen’s price per mass unit, volume application markets for the nano Carbon could be unlocked. By 
using the nano carbon produced as a anthropogenic resource with a life cycle of a long time, the 
production of hydrogen is performed carbon dioxide neutral, allowing to consider this method as a carbon 
dioxide sink. 
 
Nomenclature 
 
CB Carbon Black 
CHP Combined Heat and Power 
DFB Dual Fluidized Bed 
EBITDA Earnings before Interest, Tax, Depreciation and Amortization 
HFC Hydrogen Fuel Cells 
ICE Internal Combustion Engine  
MSW Municipal Solid Waste Use  
nC nano Carbon 
nCCU Nano Carbon Capture for  
SNG Synthetic Natural Gas 
 
1.1. Methane Splitting by Continuous Chemical Vapor Deposition[1] 
CH4 +   ––––>    550 – 850°C ––––>      nC 
(Me Catalyst) Temperature         2 x + H2 
at  37,8 kJ/mol H2 
Although in principle the catalyst can be fully recycled, its cost for preparation and post cleaning are 
major cost elements in operation, which is an economic reason for not running the process at 100% 
482   Stefan Petters and Kalvin Tse /  Energy Procedia  29 ( 2012 )  480 – 485 
Hydrogen output, meaning that there was potentially still  unused catalyst in the system. Therefore the 
off-gas is a Hydrogen rich (up to 90%vol) gas with some residual Methane content, requiring in any case a 
gas cleaning, if pure Hydrogen was desired. 
The morphology of the nano Carbon strongly depends on the catalyst’s geometry and to avoid just 
only coating of the catalyst, its shape should have some asymmetry, best achieved by an appropriate 
catalyst support.[2]  
The method used by our prototype reactor for a volume of about 2m³/h Methane had been patented 
under US & PCT Patents 38996, 46576, 51655 and has proven the concept in actual continuous 
operation.[3] 
 
1.2. Stand-alone Configuration 
In a stand-alone configuration one would probably use part of the feedstock-gas to energize the 
endothermic needs of the process. Part of the supply could be covered by the Methane content in the off-
gas. Under the assumption that all energy systems needed were electric, 10m³ of Methane feedstock could 
produce 1kg of Hydrogen plus 3 kg of nano Carbon in this rotary kiln reactor design, while 40% of the 
gas would be combusted in the generator set.  
Therefore one could argue that this will cause CO2 emissions in the order of 5kg, which however will 
be more than compensated by a Use of nano Carbon as CB substitute.[4] Usually at 10 – 20% of the 
weight load needed in CB, nC delivers equivalent end product functions. So per mass unit Hydrogen 
produced, at least 15 mass units CB could be substituted, mitigating CO2 emissions of about 3.5 times its 
produced mass. In consequence, even if the carbon source was not from renewable or repeatable 
feedstock, total carbon emission reduction would go into a carbon sink mode. 
 
1.3. Development of nano Carbon Capture for Use into Application to utilize Anthropogenic Methane 
According to a publication of the International Energy Agency (IEA) anthropogenic methane from 
agriculture, forestry, mining, waste water, and municipal waste is the second largest emitter of 
greenhouse gases after energy production (transportation for example is only half of it).[5] Since the CO2 
equivalent of Methane in the order of factor 23 is the 100 years average, avoiding emissions by a usage of 
this methane could become the most effective short term measure against climate change.   
Therefore in some locations of applicable carbon certificate trade Methane remediation was 
implemented by flaring. Where electricity can be used and/or sold, its combustion has been being 
cultivated in ICE generator sets to use its energy, but depending on local circumstances and tariffs 
economic returns are broadly depending on subsidies and/or favorable regulatory frameworks, as the 
production prices cannot compete with other typical electricity base-load supply from hydro or nuclear. 
 
1.4. Total Resource Efficiency Bio-Refinery from Organic Wastes (& Effluents) 
By looking at anthropogenic Methane as a resource like Natural Gas, rather than something needed to 
be remediated, guo – Business Development had a simulation done by the University of Technology 
Vienna at the Institute for Chemical Process Engineering, combining the thermal decomposition of sludge 
residues from a bio-gas plant together with sufficient heating value solid organic waste fractions with the 
Methane Splitting by nCCU, energized by the gasification waste heat.[6] 
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The model shows a fully self-sufficient installation, capable of delivering multiple output product 
options of H2, nC, CO and CO2, allowing add-on processes for bio-fuel, SNG, etc., which is why we 
ended up calling it a Bio-Refinery.  
Thermal Decomposition of organic matter by DFB-Gasification has been developed at the European 
Centre for renewable Energies in Guessing, Austria, by the University of Technology Vienna and uses a 
fluidized bed as a heat transfer media from the combustion- to the oxygen-free gasification –chamber.[7] 
This now mature Gasification Technology is today operating well above 7,000hrs/year at 
BioEnergy2020+ and has been replicated several times in Austria and the rest of Europe and has 
delivered good experience data about the product gas compositions from different feedstock materials 
(wood, plastics, mixed MSW fractions)[8] 
1.5. A Municipal Waste and Sewage Sludge powered Bio-Refinery 
By taking final residue from food & kitchen waste plus sewage sludge to be disposed as the design 
parameter for a municipal installation, the results from the simulation could be broken down to 
equivalents per 1,000 capita, showing a chemical Energy Product output of 54% from the feedstock’s 
chemical energy put in, also providing full self-sufficiency on the energy needed for the transformation of 
these waste streams into the H2 and nC either as final products or intermediates for further product 
synthesis.  
While today’s incineration practice quashes 130% of the chemical energy contained in putrescible 
waste’s feedstock fraction through auxiliary fuel input,[9] the herein proposed bio-refinery offers at least 
50% of it for either direct or indirect commercial use, also reduces mass to be deposited in a final sink to 
less than 2% and generates potentially a higher value than today’s practice of undifferentiated CHP 
production. 
1.6. Added Value from Wastes in 50  - 200,000 capita Municipalities 
Although Methane splitting from biogas could work on its own from 2 to 20,000 capita in a stand-
alone configuration, a reasonable scale of economy for the heat coupled bio-refinery starts at 50,000 
capita and may hit logistic limits at having to service 500,000 capita.[10] 
Valuing H2 at Industry By-product wholesale price of € 3/kg and nC at a CB substitution value of € 
3/kg, an installation transforming 50,000 capita’s organic waste would achieve ~ € 9mio revenues per 
year at ~ 6.5% EBITDA/initial capital expenditure needed, while a 200,000 capita’s installation would 
amortize 7 times faster. 
 
2. Development into Application Road Map 
CCU represents a great opportunity for sustainability across several key-economic sectors. But its 
economics will also depend on coordinated times to market for accommodation of the products by the 
time a large scale plant could go operational. 
There is the opportunity for the MSW sector to get away from landfill practice, save auxiliary fuels in 
incineration and uplift the added value from MSW. Rubber industry could build lighter tires and eliminate 
CO2 emissions of CB production from their products’ carbon footprint and functionalize its products with 
e.g. self diagnostics capabilities of belts, etc. from changes in the electrical conductivity induced by the 
nC fillers. The very adjustable electrical conductivity of nC composites will also unlock tremendous 
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market opportunities in the plastics industries, where at about 6% weight-load mechanical properties can 
be doubled (meaning equivalent resin savings potential), allowing to make existing parts lighter, and at 10 
– 12% weight loading full EMI shielding is achieved, allowing in future to replace metal parts for 
wireless devices or household appliances by injection molded EMI shielding plastic parts, saving weight 
and widening up the freedom of design. In automotive the common practice of paint primers on plastic 
parts, hampering their final recycling could be replaced by a few % weight load of nC, just enough to 
enable for electrostatic painting.  
Of course in electricity generation by diesel generator sets the availability of H2 as a fuel alternative 
would allow the use of HFC, giving a substantially better transformation efficiency than ICE generator 
sets. Such distributed electricity could get greener and demand triggered off stored H2 and/or flexible 
operating mode of bio-refineries.[11] Also the potential for CHP’s thermal energy use becomes more 
practicable in the distributed supply pattern than it does from central facilities. For the Petro Chemical 
Industry a capita proportional distributed H2 generation infrastructure will ease the roll-out and future 
refueling logistics for H2 mobility and would extend their product portfolio with the cleanest fuel option 
there is. 
However, the current prototype reactor could service 1,000 capita waste transformation into H2 and nC 
only. The scale-up realistically still needs the strategic and financial support from adequate partners to 
join into the following challenges: 
 
 
Fig. 1.  
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